Rabies and rabies-related virus strains were studied by using a panel of monoclonal antibodies directed against either nucleocapsid proteins or cell surface antigens of Mokola virus (Mok-3). Each strain was used in parallel to infect cultured cells and mice. Then, the patterns of reactivity of the different monoclonal antibodies were determined by the immunofluorescent-antibody staining procedure. On cells, the monoclonal antibodies differentiated fixed rabies virus strains (serotype 1) from rabies-related virus strains. The seven fixed strains (CVS, PV4, PM, Flury LEP and HEP, ERA, and SAD) reacted identically. The previous serotype groupings (serotype 2, Lagos-bat virus; serotype 3, Mokola virus; serotype 4, Duvenhage virus) established with anti-rabies monoclonal antibodies were confirmed, except for that of Lagos-bat Kindia, which appeared to be related to the African subtype of the Duvenhage serotype (Duv-2). Within the Mokola (Mok-l, -2, -3, and -5 and Umhlanga) and the Lagos-bat (Lag-l and -2, Zimbabwe, Pinetown, and Dakar) serotypes, each strain appeared to be distinct. The African subtype of the Duvenhage serotype reacted differently from the European subtype. Within the Duvenhage serotype, subtypes Duv-4, -5, and -6 and Denmark reacted identically, while subtypes Duv-l, -2, and -3 and German Democratic Republic appeared to be distinct. The monoclonal antibodies specific for the cell surface antigens were also used in neutralization tests with all the strains. Two of them neutralized the infectivity of Mokola virus.
Viruses related to rabies were first isolated in Africa. Lagos-bat virus was discovered in 1956 and was isolated from a bat (1) . Mokola virus was isolated from insectivores in 1968 (20) . Duvenhage virus was isolated in 1971 from a human (11) . Other isolates of these three viruses have been obtained since then (Table 1) . Duvenhage virus was recently identified in bats from northern Europe (17, 18) and was considered to be responsible for cases of rabies-like disease in humans. In humans contaminated with Mokola and Duvenhage viruses through animal bites, symptoms identical to those of rabies are produced; this is followed by death (5, 6, 11, 19) . Intracerebral inoculation of suckling mice with these lyssaviruses is followed by rabieslike encephalitic symptoms and death (14, 26) .
In the lyssaviruses (subgroup of rhabdoviruses) (4), four serotypes correspond to rabies and rabies-related viruses; serotype 1 corresponds to rabies virus, serotype 2 corresponds to Lagos-bat virus, serotype 3 corresponds to Mokola virus, and serotype 4 corresponds to Duvenhage virus. Distinction of these serotypes was first obtained by seroneutralization with polyclonal antibodies, complement fixation, and cross-neutralization tests (30) . Because of antigenic communities at the level of nucleocapsid proteins, positive immunofluorescent staining of cells infected with rabiesrelated viruses has been obtained with rabies polyclonal fluorescein-labeled antibodies. Since 1980, a panel of monoclonal antibodies (MAbs) directed against rabies virus nucleocapsid was used by Wiktor and Hattwick (30) . This panel allowed the distinction of the four serotypes, and since then each new isolate has been identified from the results that were obtained with this panel of MAbs. Crossed immunization tests in mice revealed that only some antirabies vaccines can induce an effective protection against Duvenhage virus (8) and, to a lesser extent, against Lagos-bat virus (27) . No protection can be obtained, however, against Mokola virus, whatever vaccine is used (27) .
Recently, we obtained a panel of MAbs against a Mokola virus strain (29) . In the present study, the differentiation of strains in cultured cells was extended to all the recent isolates of these viruses. These strains were either from different species or from different origins.
(Some aspects of this paper were presented at the 7th International Meeting on Negative Strand Viruses held in Dinard, France, 18 to 23 September 1988.) MATERIALS AND METHODS Virus strains. Isolates of the three rabies-related viruses were collected in Africa or Europe (Table 1) . Seven fixed strains with three different geographic origins were used (Table 2) .
Cells. Cells were maintained in either Eagle modified essential medium (CER and BHK cells) or Dulbecco medium (Vero, Neuro-2a, and CH cells) supplemented with 5% fetal bovine serum (29) . Sodium bicarbonate was added to allow cell multiplication in a 5 to 8% C02 atmosphere.
Virus multiplication in mice. Suckling OF1 mice were infected with each virus isolate by intracerebral inoculation. Brains were harvested at the terminal stage of the paralytic phase and were homogenized to obtain viral suspensions. A 20% (wt/vol) brain suspension was made in complete culture medium. After centrifugation for 30 min at 1,000 x g, the supernatant containing the virus was recovered and used immediately.
Virus multiplication in cell culture. (i) Cell culture adaptation. Neuroblastoma cells, which are usually the most sensitive cells for tissue culture propagation of street rabies viruses, were used for the first attempt at cell culture adaptation of the different virus isolates to the cell cultures. Alternatively, whenever growth could not be detected in Neuro-2a cells, the cell lines mentioned above were also used. A 20% (wt/vol) suspension of virus-infected mouse brain in medium supplemented with fetal bovine serum (10%) was allowed to infect cells in suspension (106 cells per ml). After 1 h of contact at 37°C, the cells were dispensed in parallel in one 25-cm2 flask and in one 60-well Terasaki plate (10 ,ul per well, 105 cells per ml). The acetone-fixed Terasaki plate was stained with a polyclonal antinucleocapsid-antirabies conjugate (Diagnostics Pasteur) after 2, 3, or 5 days postinfection and served as the control for viral growth. When most of the cells in each well were found to be infected, the supernatant in the 25-cm2 flask was harvested and stored at -80°C. When, after 3 to 5 days of incubation, only a small proportion of the cells in the Terasaki plate were found to be infected, the cells in the 25-cm2 flask were trypsinized, mixed with uninfected freshly dispersed cells (1:1), and dispensed again in one 25-cm2 flask and one Terasaki plate. The supernatant of the 25-cm2 flask was harvested only when 100%, or nearly 100%, infected cells were obtained in the corresponding Terasaki plate after sequential passages.
(ii) Virus passages. Subsequent multiplications of virus were made and controlled as described above on CER, Vero, CH, and BHK cells.
(iii) Preparation of Terasaki plates. As the reactivity of the different MAbs was tested on acetone-fixed Terasaki plates with a given cell line and a given passage of each virus, homogeneous batches of plates were prepared. The cell concentration was adjusted so that a nonconfluent monolayer of well-spread infected cells could be obtained. Depending on the virus, the plates were incubated for 2 to 5 days at 37°C. Then, the cells were acetone fixed and used immediately or stored at -20°C (29) . Immunofluorescent-antibody staining. Anti-rabies nucleocapsid polyclonal fluorescein isothiocyanate-labeled rabbit immunoglobulin (Diagnostics Pasteur) were used to control the presence of virus.
On cells in culture, an indirect immunofluorescence procedure was performed as described previously (29) .
Virus neutralization. The protocol described previously (29) was used for neutralization tests. RESULTS Virus multiplication in cell culture. Rabies-related viruses could be adapted to one or more of the following cell lines that were used: mouse neuroblastoma cells (Neuro-2a), hamster cells (CH, BHK, and CER), and monkey cells (Vero) ( Table 2 ). Most of the rabies-related virus strains were not cytopathogenic, and infected cells were still viable 15 days postinfection (29) . These infected cells were easily trypsinized and then multiplied as monolayers. Five strains (Mok-5, Mok-Umh, Lag-Pin, Lag-Dak, and Lag-Kin) induced a cytopathic effect; at 3 days postinfection detached cells were found in the supernatant. The cells that were still attached to the substrate were not able to multiply.
All the cells that were infected with the fixed strains of rabies virus showed the same cytopathic effect, as described previously for the challenge virus strain (CVS). At 3 days postinfection detached cells were found in the supernatant. Cells attached on the substrate were not able to multiply (2) . (Fig. 1A) , whereas 15 gave an intracellular plus a cell surface fluorescence pattern corresponding to those of the CSA (Fig. 1B) The four strains could be identified by 12 CSA MAbs, which also recognized all the strains, including rabies virus (Table 3) , but none of the CSA MAbs had a neutralizing capacity. The strains were distinguishable by comparison between groups 4 and 5A for Lag-1 and Lag-Dak and between groups 5B and 5C for Lag-Pin. Strains Lag-2 and Lag-ZIM reacted identically.
Comparison between the two types of MAbs allowed use to identify all five strains. Strain Lag-Kin, however, showed different reactivity patterns with NCA MAbs compared with the other strains and was more related to the Duvenhage serotype (Duv-2).
(iv) Serotype 3: Mokola. Five NCA MAbs (group 1A) were specific for Mok-3 ( Table 2 ). The other strains were distinguished by comparison between groups 1A and 1B for Mok-Umh, group 1C for Mok-5, group 2 for Mok-2, and group 4A for Mok-1. Thirty-three NCA MAbs (group 4B to group 11) cross-reacted with all five strains of Mokola virus. Thirty-one NCA MAbs that recognized Mokola virus also gave a positive staining reaction with the other lyssaviruses.
As a possible confirmation test, CSA MAb groups 1, 2, and 3 were used to identify Mok-1, -2, and -3 ( Table 3 ). The other CSA MAbs gave positive fluorescent-antibody staining with the other lyssaviruses. In a previous report (29) it was shown that only CSA MAb group 2 (at a 1/40,000 dilution) was able to neutralize Mok-1, -2, and -3. In the present study, Mok-5 was neutralized by CSA MAb group 1 (1/ 20,000 dilution) and Mok-Umh was neutralized by CSA MAbs of group 2 (1/320 dilution) and group 1 (1/1,280 dilution).
( (21) . This large collection was tested against different fixed strains and street isolates (15, 24) . Most of the fixed strains were differentiated by the rabies MAbs (23) . In the present study, 19 NCA MAbs (Table 2 ) and 3 CSA MAbs (Table 3) cross-reacted identically with the seven fixed rabies virus strains: CVS, PV4, PM, Flury HEP and LEP, ERA, and SAD. Therefore, the Mokola MAbs are unable to distinguish antigenic differences among these strains. This finding suggests that rabies virus has evolved separately from rabies-related viruses. It is also clear from these results that a common epitope on the nucleocapsid and on the envelope proteins is shared by all the rabies and rabies-related viruses.
The possible use of these MAbs for the diagnosis of rabies-related viruses (possibly to replace polyclonal serum) in brain impressions is now under investigation, and all the new field isolates of rabies-related viruses will be examined. The reactivities of these MAbs will be further extended to new isolates of lyssaviruses.
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